Abstract The ability to reason inferentially is increasingly important in today's society. It is hypothesized here that engaging primary school students in informal statistical reasoning (ISI), defined as making generalizations without the use of formal statistical tests, will help them acquire the foundations for inferential and statistical thinking. Teachers who engage students in ISI need to have good content knowledge of ISI (ISI-CK). However, little is known about the ISI-CK of primary education pre-service teachers. Therefore, the aim of this paper is to describe this knowledge by surveying 722 first-year pre-service teachers from seven teacher colleges across the Netherlands. The survey consisted of five tasks using open-ended questions and true/false statements. The descriptive analysis showed that most respondents understood that descriptive statistics that take the global shape of the distribution into account can be used as arguments within ISI. Although a majority agreed that random sampling is a valid sampling method, distributed sampling was the preferred strategy for selecting a sample. Moreover, when asked to make a generalization beyond the data, most pre-service teachers only described the data and did not appear to understand that a representative sample can be used to make inferences about a population. These findings suggest that it may be useful if statistics education for pre-service teachers places more emphasis on sampling and inference, thereby prompting pre-service teachers to engage in ISI.
Introduction
The aim of this paper is to describe the knowledge that pre-service primary education teachers have of informal statistical inference (ISI). We define ISI as making generalizations based on sample data, expressed with uncertainty, and without the use of formal statistical tests (Ben-Zvi et al. 2015; Zieffler et al. 2008) . Inferential reasoning (i.e., the process of drawing a conclusion based on evidence or reasoning), of which ISI is a form, has become more and more in demand in our technology-driven society. Its importance is likely to increase even further as, on the one hand, our societies become increasingly complex and change ever more quickly and, on the other hand, inferential reasoning is a skill not easily routinized (Liu and Grusky 2013) . If children are to participate fully in society, both of today and of the future, education must play a crucial role, as one of its primary purposes is to help children become qualified citizens (Biesta 2009 ). Since inferential reasoning is an important skill in becoming qualified members of society, teachers have the task of fostering children's inferential reasoning ability.
One way to foster children's ability to reason inferentially is to introduce primary school students to ISI. This ISI is based on a reasoning process in which multiple statistical concepts are used as arguments to support an inference (Makar and Rubin 2009; Watson 2004 ). An example of this might be when someone evaluates a sample as being too small and possibly biased, with a high level of variance, and therefore expresses a high degree of uncertainty when making an inference. In this example, the concepts of sample size, bias, sampling methods, and variance are used as statistical arguments to support the inference.
Although in many countries statistical inference is not introduced until the final years of secondary education, researchers have recently started to explore the possibility of acquainting students with the concept in upper primary school and familiarizing them with the core concepts underlying ISI, such as centrality, variation, samples, and sampling (BenZvi 2006; Makar 2016; Meletiou-Mavrotheris et al. 2014; Meletiou-Mavrotheris and Paparistodemou 2015; Paparistodemou and Meletiou-Mavrotheris 2008; Watson and Kelly 2005) . Because ISI does not require the use of formal inferential concepts, such as hypothesis testing and probability distributions, it is assumed to be within the reach of primary school learners. Recent research evidence indeed suggests that ISI can be made accessible for primary school students (Ben-Zvi 2006; Ben-Zvi et al. 2015; Makar 2016; Meletiou-Mavrotheris and Paparistodemou 2015; Paparistodemou and Meletiou-Mavrotheris 2008) .
It is hypothesized that an introduction to ISI in the upper grades of primary school has several potential benefits. First, since it has been shown that understanding the statistical ideas and concepts underpinning statistical inference is challenging (Shaughnessy et al. 1996) , students require repeated exposure to these notions over an extended period of time (Watson and Moritz 2000) , calling for an early introduction of ISI. Second, as ISI involves a reasoning process in which multiple statistical concepts are used as reasoning tools, when students learn statistics within the context of ISI, it is conjectured that they will gradually understand the processes involved in inferential reasoning (Bakker and Derry 2011; Makar 2016; Makar et al. 2011 ) and in statistical reasoning from a more general perspective (Zieffler et al. 2008 ).
However, if students are to be introduced to ISI in primary school, future teachers need to be well prepared to conduct this introduction (Batanero and Díaz 2010) . This means that teachers need to possess a thorough knowledge of the content they teach (Hill et al. 2008) , which must go beyond what their students will actually learn (Ball et al. 2008 ) since the content knowledge of teachers will impact the learning achievements of their students (Rivkin et al. 2005) . This preparation of teachers will also facilitate the development of their pedagogical content knowledge (Ball et al. 2008; Shulman 1986) , which has been shown to be very relevant to ISI (Burgess 2009; Leavy 2010) .
To conceptualize the content knowledge of ISI (ISI-CK) that pre-service teachers need to acquire, we used the general ISI framework of Makar and Rubin (2009) . For this study among pre-service teachers, we conceptualized the components of the framework as follows:
1. ''Data as evidence'': We subdivided this into two subcomponents:
a. ''Using data'': The inference is based on available data and not on tradition, personal beliefs or personal experience. b. ''Describing data'': Before the data can be used as evidence within ISI, one first needs to descriptively analyze the sample data, for example by calculating the mean (Zieffler et al. 2008 ). The resulting descriptive statistic then functions as an evidence-based argument within ISI (Ben-Zvi 2006) . We distinguish between two types of descriptive statistics. First, descriptive statistics which determination requires to take all values of the distribution into account, such as the mean, majority [''modal clump'' ] and spread. Second, descriptive statistics that do not require to take all values of the distribution into account, such as the mode, the minimum, and the range (see Sampling variability).
2. ''Generalization beyond the data'': The inference goes beyond a description of the sample data to make a probabilistic claim about a situation beyond the sample data. 3. ''Uncertainty in inferences'': We subdivided this component into four subcomponents: a. ''Sampling method'': The inference includes a discussion of the sampling method and its implications for the representativeness of the sample. b. ''Sample size'': The inference includes a discussion of the sample size and its implications for the representativeness of the sample. c. ''Sampling variability'': The inference is based on an understanding of sampling variability; that is, the understanding that the outcomes of representative samples are similar and therefore a particular sample can be used for an inference (Saldanha and Thompson 2007) . Moreover, the inference uses aspects of the sample distribution that are relatively stable, such as the mean and majority. These stable aspects can function as signals for the population distribution . d. ''Uncertainty language'': The inference is expressed with uncertainty and includes a discussion of what the sample characteristics, such as the sampling method employed and the sample size, imply for the certainty of the inference.
The knowledge required can be most effectively appropriated when it takes pre-service teachers' pre-existing knowledge into account (Darling-Hammond et al. 2008 ). However, current research provides only scant evidence of (pre-service) teachers' ISI-CK (Ben-Zvi et al. 2015) . The (sub-) components using data and generalization beyond the data have hitherto not been investigated. The evidence on the uncertainty in inferences components suggests that many pre-service teachers show a limited understanding of sampling methods, sample size, representativeness, and sources of bias in the case of self-selection (Groth and Bergner 2005; Meletiou-Mavrotheris et al. 2014; Watson 2001) . Concerning the sampling variability subcomponent, Mooney et al. (2014) reported that a substantial proportion of the subjects they examined understood that sample distributions are likely to be different from the population distribution. However, an understanding of the implications of variability for the actual sample proved to be more difficult. Watson and Callingham (2013) found that only half of the teachers they interviewed could conceptualize that a smaller sample has larger variability. No studies have so far been conducted on how (preservice) teachers use descriptive statistics in the context of ISI. However, the literature on (pre-service) teachers' understanding of descriptive statistics in general has shown this understanding to be generally superficial (Batanero and Díaz 2010; Chatzivasileiou et al. 2011; Garfield and Ben-Zvi 2007; Jacobbe and Carvalho 2011; Koleza and Kontogianni 2016) . More specifically, only a minority of such pre-service teachers attend to both center and spread when comparing data sets (Canada and Ciancetta 2007) ; while the group's understanding of the mean, median and mode is mostly procedural (Groth and Bergner 2006; Jacobbe and Carvalho 2011) . The few small-scale studies on the uncertainty in inferences and describing data (sub-) components indicate weak or superficial knowledge, while it is unknown what knowledge pre-service teachers have of the (sub-) components generalization beyond the data and using data. Moreover, since not all components have been investigated, pre-service teachers' knowledge of all the components cannot be described and compared in relation to each other. However, societal trends emphasize the importance of future teachers being equipped to introduce children to inferential reasoning. Therefore, the aim of the current study is to describe the ISI-CK of first-year pre-service teachers. This description can be used to design teacher college education that will improve teachers' ISI-CK. To this end, we report on the findings of a study of 722 first-year pre-service teachers from the Netherlands who completed five tasks made up of open-ended questions and true/false statements. The research question addressed in this paper is: To what extent do first-year pre-service primary school teachers have appropriate content knowledge of informal statistical inference?
Method Context
In the Netherlands, the current curricula for statistics education in primary and secondary education do not include ISI. Actual teaching practices focus primarily on statistical procedures and graphing skills, where concepts are learned without reference to the need to collect and analyze data (Meijerink 2009 ). When statistical inference does form part of the secondary education curriculum, the ideas of sample and population are often only dealt with on a technical level.
The target population for this study was first-year pre-service primary school teachers enrolled in a full-time study program. In contrast to many other countries where students can only opt for teacher education after the completion of a bachelor's degree, in the Netherlands, initial teacher education starts immediately after secondary school and leads to the attainment of such a degree. For the students attending one of the 45 teacher A. de Vetten et al. colleges, mathematics teaching seldom seems to be their main motive for becoming teachers (Blom and Keijzer 1997) .
Respondents
The sampling proceeded in two steps: First, the teacher colleges were selected. These were recruited via personal contacts and the Dutch network of mathematics teacher instructors. The seven participating colleges were diverse in terms of size and location. Second, the participating teacher educators asked their first-year students to participate in the study. In total, 826 pre-service teachers took the test. Respondents were asked to provide their informed consent. While all of them took the test (as described below) and received feedback, 93 (11%) invoked the option of having their results excluded from the analysis. At the first teacher college where data were collected, a relatively large number of the respondents made use of this prerogative, probably because the information provided at that time was not sufficiently specific. After making the information more specific, fewer pre-service teachers opted out. Eleven respondents who did not complete the test had their data removed, leaving a total of 722 participating pre-service teachers. The average age of the respondents was 18.43 years (SD: 2.45), 26% were male, 43% had a background in secondary vocational education (students attending this type of course are typically aged between 16 and 20), 52% came from senior general secondary education, 3% had been enrolled in university preparatory education, and the educational background of the remaining 2% was either entirely something else or unknown. Their average score on the obligatory first-year mathematics examination for Dutch pre-service teachers was 103.31 out of 200 possible points (SD: 24.21). A score of 103 equals the 80th percentile of Grade 6 primary school students in the Netherlands.
Instrument
The instrument by which the pre-service teachers' ISI-CK was measured was a digital test consisting of five tasks combining open-ended questions and true/false statements, which collectively encompassed the three ISI components. We describe the rationale and design of the instrument below.
Rationale and design of the instrument
Three requirements guided the selection of the instrument. First, as we were striving for a representative sample of first-year pre-service primary school teachers, the instrument had to accommodate the analysis of a large number of responses. Second, we wanted to allow the respondents to give their own answers without steering them into a particular direction. Third, since we suspected that, without probing, the pre-service teachers would not reveal all their ISI-CK, the instrument should allow probing for information that was not provided through the initial questioning. No instrument found in the literature on statistics education satisfied these requirements.
They either contained open-ended tasks only (e.g., Watson 2001) or focused on more advanced statistical reasoning (delMas et al. 2007; Haller and Pre-service primary school teachers' knowledge of informal… Krauss 2002) . Moreover, we did not find any instruments that covered all the components of ISI.
The requirements for both probing and large-scale administration were achieved by designing an instrument consisting of five tasks each of which combined an open-ended question with a number of true/false statements (see Online Resource for the instrument). In total, 27 statements were presented. For each task, the respondents answered an openended question by typing in their answer with an explanation. Next, the responses of fictional pre-service teachers to the same question were shown. These responses were an explanation, an argument or a method for solving the task. Some were complete responses, while others were only a fragment of a full response. Respondents were asked to evaluate the correctness of these fictional answers. It has been argued that true/false items can be used to assess complex issues (Burton 2005; Ebel 1972 ). The true/false statements jointly embodied all relevant aspects of the three components of ISI. The instrument was designed by the authors who have a mixture of backgrounds, including research and teaching expertise in statistics education, mathematics education, and mixed-methods and general pedagogy. So, by using open-ended questions to elicit respondents' own responses, by subdividing complete and complex inferential reasoning into small parts, and by probing all relevant aspects of ISI, we were able to investigate the level of ISI-CK in great detail, thereby strengthening the content validity. The instrument's validity was further strengthened by triangulating the results of the open-ended responses with the evaluations of the true/false statements.
The instrument's reliability was checked by calculating the proportion of inconsistencies between the open-ended responses and the statement evaluation. Although these two question types are not pure parallel forms, a low percentage of inconsistencies provides some evidence of sufficient inter-method reliability. An inconsistency would be present if a respondent first suggests a strategy in an open-ended response, for example suggests to use random sampling, and subsequently, when the same strategy is presented in a statement, the respondent evaluates the strategy as incorrect.
Because in the open-ended response a respondent is not likely to come up with all possible strategies herself, the opposite response pattern (i.e., not proposing a particular strategy, but subsequently evaluating that strategy as correct) is not illogical and therefore did not count as an inconsistency. Approximately 13% of the cases were inconsistent. This low percentage provides some evidence of sufficient inter-method reliability.
Description of the tasks
In order to design the tasks, the level of ISI-CK relevant for pre-service teachers was first established by using curriculum guidelines, recommendations from the literature, and our own experience. Reasoning considered to be within the reach of primary school students includes the reasoning underlying the following (sub-)components: Using data, generalization beyond the data, sampling methods, sample size, and sampling variability (Ben-Zvi 2006; Paparistodemou and Meletiou-Mavrotheris 2008) . It also includes knowledge of the suitability of the mean, majority and spread as evidence-based arguments for ISI (Franklin et al. 2007; Meijerink 2009) , and reasoning about ISI within the context of a dot plot (SLO 2008) . As stated, in order to teach ISI, teachers need knowledge of aspects of it that transcends the understanding of their students. This includes knowledge of appropriate sample size and sampling methods, a thorough grasp of sampling variability (Saldanha and Thompson 2007) , an understanding of which descriptive statistics are sufficient arguments within ISI, and reasoning about ISI within the context of a scatter plot.
In all five tasks, the context of primary school students' enjoyment of math was used. We believed this to be a familiar context for the pre-service teachers, either from their personal experience or from their teaching internships. An example showing an abbreviated task and a true/false statement is shown in Fig. 1 .
In Task 1, respondents were asked whether they agreed with senior pre-service teachers who based their conclusions on a large research project they had conducted, or with their fellow classmates who formed their conclusions on the basis of their personal experiences. The task thus investigated whether the pre-service teachers relied on research data to underpin their conclusions. Furthermore, one statement operationalized an aspect of the component generalization beyond the data.
In Task 2, respondents were asked how they would select a representative sample. The task thus investigated the respondents' knowledge of sampling methods and sample size. In addition, one statement covered an aspect of sampling variability.
In Task 3, inspired by Bakker (2004) , respondents were shown a dot plot with data for 20 boys and were asked to predict the shape of the plot when the sample was enlarged to 40 boys. The pre-service teachers had to identify stable aspects of the distribution that could function as signals for the larger sample. The task operationalized the subcomponent sampling variability.
Tasks 4 and 5 measured the extent to which the respondents were able to use appropriate descriptive statistics as arguments within ISI. In Task 4, inspired by Zieffler et al. (2008) , respondents were asked to compare samples of 15 boys and 15 girls and to make a generalization about whether the genders, in general, differed in their enjoyment of math. The task was designed to check whether the pre-service teachers understood which descriptive statistics can be used as evidence-based arguments within ISI in the context of comparing two dot plots (SLO 2008) . In addition, a statement on the small sample size used operationalized an aspect of the subcomponent sample size, while one statement operationalized an aspect of the component generalization beyond the data.
Task 5, which was adapted from Cobb et al. (2003) , presented the respondents with a scatterplot and requested them to predict the score of an individual with a given x-value. The pre-service teachers were asked to evaluate the suitability of a number of descriptive statistics as evidence-based arguments. One statement operationalized an aspect of the component generalization beyond the data.
Procedure
Cognitive interviews (Willis 2004 ) with three pre-service teachers and one teacher educator were conducted in order to assess whether the format of the test was easily understood, whether the true/false statements were interpreted as intended, and whether the list of statements was exhaustive. After each interview, the test was adjusted. The interviewees understood the format of the test with no issues; during the third and fourth interview, all statements were interpreted as expected. Next, the instrument was tested in one class of pre-service teachers in a similar environment to the final test setting, which led to some minor adjustments to the test.
The test was administered during the respondents' second or third month of study at their teacher college for the purpose of ensuring comparability across institutions. The teacher educators who administered the test received detailed instructions in order to guarantee comparable test circumstances. The pre-service teachers were randomly assigned to one of two versions of the test. Each version consisted of three of the five tasks. In this way, test completion time was acceptable, while the test still covered all aspects of ISI. The Version A consisted of Tasks 1, 2, and 5 and was completed by 365 respondents; while Version B consisted of Tasks 1, 3, and 4 and was completed by 357 respondents. So Task 1 was completed by all 722 respondents.
Data analysis
Two true/false statements (1.2 and 2.8) were excluded from the analysis, as upon further reflection we concluded that the formulation of the statements might have been confusing. To check for the relationship between ISI-CK and the background variables educational background, mathematical content knowledge, sex, and age, linear regression analyses were performed for the true/false statements with the number of correctly evaluated statements per respondent as dependent variable, with separate analyses for Version A and Version B. The data were analyzed using Atlas.ti, Excel and R (R Core Team 2014).
The analysis of the open-ended questions was, for practical reasons, performed on a random sample of 100 open-ended responses per task. The coding of these responses, conducted by the first author of this paper and discussed with the other authors, consisted of two cycles. The first cycle consisted of a thematic analysis during which the open-ended responses were labeled with extended codes that captured the meaning of the particular response (Saldaña 2015) . Codes were categorized into the components of ISI. The second round consisted of merging codes with similar meanings or covering closely related issues, for example, codes relating to the background variables of schools or children to be controlled for in sampling were merged into one code ''quota factor school or child.'' The The results of the open-ended responses and the true/false statements were combined to describe the ICI-CK for each component. Combining both data sources yielded a comprehensive picture both of active knowledge, as revealed by the open-ended responses, and of passive knowledge, as revealed by the true/false statements. It also hinted at potential explanations for why particular responses were given. Finally, it showed the extent to which there were strategies with which respondents agreed, but which they did not propose themselves in the open-ended responses.
Results

Relationship between ISI-CK and background variables
The regression analyses to check for the relationship between the results for the true/false statements and the background variables showed that the number of correctly evaluated statements was not significantly related to the variables educational background, mathematical content knowledge, sex, or age, F(5, 188) = 1.05, p = .39 for Version A, and F(5, 185) = 1.60, p = .16 for Version B (Table 1 ). The regression analyses satisfied the assumptions of the normality, independence and linearity of the residuals. The only effect found was for respondents with university preparatory education who scored significantly higher on ISI-CK than respondents with vocational education, t(187) = 2.02, p = .045 for Version A, and t(184) = 2.26, p = .025 for Version B, and higher than respondents with Pre-service primary school teachers' knowledge of informal… senior general secondary education in version B, t(187) = 2.25, p = .026, but not in Version A, t(184) = 1.67, p = .097. So, while the regression models as a whole were not significant, there is some evidence that pre-service teachers with university preparatory education scored better than pre-service teachers with lower level educational backgrounds. Table 2 provides an overview of the results of the data as evidence component.
Data as evidence
Using data
Open-ended questions In Task 1, 31% of the respondents expressed their trust in the conclusions of the fourth-year pre-service teachers who had used data from a large-scale research project. Another 10% combined such data-based arguments with personal experience or personal opinions. Examples of data-based arguments were references to the size or representativeness of the sample, or claims that the research was well-conducted and thus yielded reliable information. In total, 38% of the respondents were led by their personal opinion, personal experience or a combination of both. A relationship between math ability and math enjoyment was mentioned by 22% of the respondents. In Task 4, 91% made use of the data to draw a conclusion, as evidenced from their use of one or more descriptive statistics. In Task 5, 72% of the respondents used the data as evidence, while 14% used their personal opinion to make or refute an argument or to make a prediction. So, while in Task 1 only around 40% of the pre-service teachers regarded research data as valuable evidence, in Tasks 4 and 5 a (large) majority used the data as evidence.
True/false statements Both Statement 1.1, expressing agreement with the fourth-year preservice teachers who used research data as evidence for their conclusions, and Statement 1.3, expressing agreement with classmates who used their personal experience, were evaluated as correct by around 40%. Agreement with Statement 1.4, expressing a supposedly generally held belief, was endorsed by a smaller figure (17.5%). Other descriptive statistics 7
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Describing data
Open-ended questions The percentage of respondents who used correct descriptive statistics was lower in Task 4 than in Task 5. In Task 4, of those who described the data, 49.5% of the respondents backed up their answer with one or more correct descriptive statistics (mean: 36.3% of respondents; majority: 14.3%; global shape: 9.9%), while 50.5% of the respondents used strategies that were incomplete when not used in conjunction with a correct strategy, such as focusing on the spread of the distribution (27%), or focusing on negative (22%) or positive (25%) values of the distributions. In Task 5, of those who described the data, 90.3% backed up their prediction with a correct descriptive statistic (majority: 55.6%; mean: 34.7%).
True/false statements The respondents evaluated statements in which the inference was based on descriptive statistics which determination requires to take all values of the distribution into account (mean, majority, spread) better than on descriptive statistics that do not require to take all values of the distribution into account (mode, overlap of data, range and midpoint of the range): 77.8% on average versus 54.6 on average.
Conclusion
In evaluating the true/false statements, around three quarters of the respondents acknowledged the validity of using descriptive statistics which determination requires to take all values of the distribution into account as arguments in ISI. In the openended responses, most respondents also used these global statistics in Task 5, whereas only half did in Task 4. Although only a quarter of the respondents used which determination does not require to take all values of the distribution into account incorrectly, half had problems in identifying that these are incorrect statistics when used in isolation. Table 3 provides an overview of the results of the Generalization beyond the data component.
Generalization beyond the data
Open-ended questions
In Task 2 and Task 4, in the majority of the answers, it was unclear whether the correct population was held in mind. In Task 2, from only 17% of the answers could it be deduced that the answer pertained to the population of all Dutch children; for example, because respondents proposed sampling from multiple schools. In 76% of the answers, the population remained implicit: Many respondents suggested sampling from ''each class'' or ''every group,'' which could imply that the intention was to sample from each grade level and from every school in the population, but it could also imply sampling from each class of students in one particular school. This vagueness about the population was even more evident in Task 4, where 86.2% drew a conclusion that was neither explicitly descriptive Pre-service primary school teachers' knowledge of informal… nor explicitly inferential. A typical example of such a conclusion is that ''boys are more positive about math than girls, because their mean is higher.'' In this example, it remains obscure whether the children referred to are the children in the sample only or in the population in general. A final result is that in Tasks 1, 3, 4 and 5, a constant and very small minority of around 4% remarked that every child is different, and that therefore aggregation, generalization, or prediction are impossible.
True/false statements
Both statements of the component Generalization beyond the data were evaluated correctly by a large majority of the pre-service teachers (87.3 and 92.1%, respectively). So most of the respondents recognized that making a probabilistic generalization is possible, while a completely certain generalization is not.
Conclusion
Overall, the evidence suggests that a very small minority refused to generalize at all, while probably up to 20% had the correct population in mind in Tasks 2 and 4. Although around 90% of the respondents recognized that generalizations are inherently uncertain, at least three quarters of the respondents did not make explicit what population they had in mind when answering the questions. Tables 4 and 5 provide an overview of the results of the uncertainty in inferences component.
Uncertainty regarding inferences
Sampling methods
Open-ended questions In Task 2, 73% of the respondents proposed a distributed sampling method in which the quota for one or more variables needed to be established-math ability was mentioned most often as a variable to account for. Random sampling was proposed by 13; 2% proposed sampling ''all children''; 5% would restrict the sample to one value of an external factor, for instance only sampling children with an average math ability; in 7% of responses the sampling method was missing or unclear.
True/false statements A majority (62.0%) of the respondents correctly evaluated the statement that a random sample is a valid sampling method, and a vast majority (91.8%) understood that one's own class of students is very unlikely to be representative of all students in a country. However, 88.3% incorrectly judged distributed sampling to be a correct sampling method.
Conclusion
The dominant sampling method proposed was distributed sampling. While only 13% proposed random sampling, 62% agreed that it is a correct sampling strategy. Most respondents regarded one class as unrepresentative. In the open-ended responses, no respondent proposed this strategy.
Sample size
Open-ended questions In Task 2, 35% of the respondents paid attention to the size of the proposed sample, excluding the suggestion that as many boys as girls should be sampled. This latter idea was proposed by 28% of the respondents. The requirement to sample multiple schools, or as many schools as possible, was mentioned by 15%. Only about a quarter of the respondents referred to the number of children to be sampled. Of these, 9% proposed rather small samples (sizes below 40).
True/false statements The two statements that concerned the optimal sample size for making a generalization were evaluated correctly by about half of respondents (45.1 and 48.4%), while only 8.2% accurately inferred that the comparison of two unequally sized groups is possible (Statement 2.5).
Conclusion Only around one third of the respondents paid attention to the sample size in the open-ended response, and of those, a substantial minority proposed using a very small sample. The statements revealed that about half had a correct idea of appropriate sample sizes. More than 90% of the respondents thought that unequally sized samples cannot be 2.4 A sample of 100,000 is better than a sample of 3000 54.9
2.5
Comparison of 2 distributions is only possible when sample sizes are about equal 91.8
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Sampling variability
Open-ended questions 35% of the respondents made a completely sensible prediction by copying the general shape of the small sample, widening the range and filling in one or more gaps in the distribution of the small sample-events that are likely to happen when a sample grows. Another 10% copied the general shape, but did not fill in the gaps and/or broaden the range. 27% made a deterministic prediction by exactly doubling the smaller sample. Only 3% argued that the results would be completely uncertain; for example, because every child is different. These 3% still made a prediction. Conclusion Although almost half of the respondents could make an (almost) correct prediction and around 80% of the respondents correctly predicted that the mean of the larger sample would be similar to the mean of the smaller sample, a substantial minority of around 40% made a prediction that was too deterministic by copying the small sample distribution exactly. Moreover, only around 40% understood that generalization is possible, because sample-to-sample variability is low for a deliberately selected sample (i.e,. a sample where an appropriate sampling method and sample size is used).
Uncertainty language
Open-ended questions In Task 5, more than half of the respondents employed probability language, ranging from weak indications of uncertainty, such as ''I think,'' to stronger utterances, such as ''probably.'' In Task 4, in contrast, only 11% used uncertainty language.
True/false statements A majority (71.2%) incorrectly agreed that based on a sample size of 15 nothing at all can be said about the population (Statement 4.6).
Conclusion In Task 5, more uncertainty language was found than in Task 4. In Task 4, where 93.1% drew a conclusion, almost three quarters of the respondents nevertheless agreed that based on the small sample size nothing at all could be said about the population.
Discussion and conclusion
Main results
The aim of this study was to describe the ISI-CK of first-year pre-service teachers. The results showed that, although a substantial minority of the respondents valued the data as evidence, other groups regarded personal opinion and personal experience as appropriate sources of evidence from which to draw conclusions. However, when provided with sample data, a large majority did use the data as evidence, rather than relying on other sources of evidence. When using these sample data, most respondents showed a good propensity to use correct descriptive statistics that take global aspects of the sample distribution into account, while around half of the respondents had difficulty in evaluating the incorrectness of descriptive statistics that which determination does not require to take all values of the distribution into account. In proposing a sampling method and in comparing two sample distributions, the population remained implicit in approximately three quarters of the responses. In the case where two sample distributions were compared, there was negligence in expressing uncertainty when making inferences. Around 90% of the respondents understood that making complete and certain generalizations is impossible, but at the same time, almost three quarters of them thought that a small sample of 15 does not permit any generalization. Around three quarters of the respondents proposed distributed sampling to select a sample, although around 60% of the respondents agreed that random sampling is a valid sampling method. Statements about appropriate sample sizes were correctly evaluated by around half of the respondents, but only about a third of the respondents paid attention to the sample size in their open-ended responses. More than 90% believed that in order to compare two groups, those groups need to be of the same size. Finally, less than 40% understood the underlying tenet of sampling variability, i.e., that generalization is possible because sample-to-sample variability will be low for a sample where an appropriate sampling method and sample size is used.
Discussion
We found that the pre-service teachers preferred distributed sampling to random sampling, which is consistent with our previous findings (De Vetten et al. 2018b) where we argued that this preference for distributed sampling could be due to a sense of loss of control when using random sampling. We called for more research to investigate this sense of control in choosing a sampling method. While the present findings are also consistent with MeletiouMavrotheris et al. (2014) , who showed that generally pre-service teachers dismiss biased sampling methods and understand that random sampling is a valid sampling method, it has not been described previously that, although many pre-service teachers acknowledge the validness of random sampling, they still prefer distributed sampling. Our finding that 91.8% of the respondents knew that one class of students is not representative of all students in a country stands in contrast with the finding of Watson (2001) that only about a third of primary school teachers discerned that a claim made in a journal article was based on a non-representative sample. An initial explanation for these divergent results could be that the context used in our study was more familiar to the students. A second explanation may be that the statement we used explicitly delineated that one class of students was representative, while the idea of selective sampling was more implicitly questioned in the task used by Watson.
Our result showing that many pre-service teachers understand that global descriptive statistics can be used, matches the findings of , who showed that students intuitively summarize data around the middle 50% of the distribution, which can be interpreted as a global view of data. Unreported so far in the literature is the finding that pre-service teachers scored lower on statements involving descriptive statistics which determination does not require to take all values of the distribution into account, which may be explained by their unfamiliarity with such descriptive statistics. A second explanation may be that they lack the confidence to conclude that a certain descriptive statistic is not a sufficient argument within ISI.
We did not find significant relationships between educational background and mathematical content knowledge on the one hand and ISI-CK on the other hand. With respect to mathematical content knowledge, an explanation might be that the mathematics test focused primarily on applying mathematical procedures, while the ISI instrument demanded conceptual understanding of ISI. Moreover, the statistics covered in the mathematics tests dealt primarily with reading off tables and graphs. Further work is required to account for our finding that pre-service teachers with a university preparatory education tended to score better on the test than pre-service teachers with other educational backgrounds. It may be the case that the former group of pre-service teachers has a higher ability to reason abstractly, which helped them to perform better on the test (Korpershoek et al. 2006) or the content of their university preparatory education differed from the content of the preparatory education of other respondents.
Because, in many responses on Task 4, it was unclear whether the conclusion was descriptive or inferential, it is doubtful whether the respondents were actually making inferences, or were merely describing the sample data. Since no reference was given to uncertainty or sample characteristics, most respondents had probably not consciously made any generalization beyond the data. We found a similar result in a previous study (De Vetten et al. 2018a ); there we conjectured that the need to generalize may not have been compelling enough, or that the pre-service teachers may not be inclined to generalize beyond the sample because, in their role as future teachers, they had a class of primary school students in mind as their population of interest, in which case, a description would suffice. This highlights the need to increase pre-service teachers' awareness of the inferential nature of research questions before they can actually be involved in discussing other aspects of ISI, such as uncertainty and representativeness.
A final important point concerns pre-service teachers' understanding of the possibility of making any generalization based on sample data. Most respondents did not seem to understand that a representative sample can be used to draw useful, albeit uncertain, conclusions about an unknown population. So, apart from the unfamiliarity of pre-service teachers with ISI, it could be that many of them are reluctant to make generalizations beyond the data collected because they do not understand this underlying logic of sampling (Watson 2004 ). In De Vetten et al. (2018b , we describe a first attempt at fostering preservice teachers' understanding of this logic.
Limitations
A number of issues warrant a cautious interpretation of the results. First, the context of our study is the Dutch educational system where students enter teacher college immediately after secondary education with the teaching of mathematics probably not being uppermost in their minds. The results are, accordingly, not readily generalizable to other international contexts. In future research, the study could be replicated in different settings. Second, since the instrument used in this exploratory study was the first to investigate teachers' knowledge of the entire concept of ISI, in future work, the instrument could be further developed. There is some evidence for the reliability of the instrument: There were very few inconsistencies between the open-ended responses and the true/false statements. Also, the cognitive interviews showed that the pilot respondents interpreted the statements as intended. Moreover, in De Vetten et al. (2018b) , where we used a similar instrument but with more qualitative data available, the data also showed that the statements were interpreted as intended. Still, there is a need for further research to test the reliability of the instrument, for example using test-retest methods. Also, attention could be paid to the effect of the formulation of the statements as either correct or incorrect because in the current study, pre-service teachers were better able to evaluate correct than incorrect statements (respectively, 67.7 vs. 52.5% were evaluated correctly).
Implications for teacher education
In conclusion, many of the pre-service teachers did not seem to be really engaged in making inferences and did not understand the logic of sampling. The challenge for teacher education, therefore, is to develop instructional heuristics that evoke the need to engage in ISI. To this end, when pre-service teachers conduct ISI investigations, research questions need to be chosen in such a way that the question posed allows the pre-service teacher to feel that description is insufficient and makes generalization natural and inevitable. One way of doing this is to have a situation in which the sample and the population are concrete and visible, such as taking a sample of pages from all books in a library to answer the question which word is most frequently used in the library (see De Vetten et al. 2018b) . A second way to evoke the need to engage in ISI is to place less emphasis on the data analysis phase of the empirical inquiry cycle. Going through the entire cycle is a commonly proposed heuristic for learning statistics (Garfield and Ben-Zvi 2007) ; however, Leavy (2010) reported that attention to data analysis comes at the expense of engaging in ISI and critically reflecting on the sample. Our study shows that the pre-service teachers seem to be reasonably good at analyzing sample data with commonly used descriptive statistics that requires to take all values of the distribution into account, such as the mean. This may allow reducing the focus on data analysis, so that pre-service teachers do not end the investigative process after having analyzed the sample data, but rather proceed to interpretation and inferential reasoning, and reflect critically on what the sample results say about the population. These recommendations would, hopefully, help to prompt pre-service teachers to engage in informal statistical inference, which in turn, would support them in developing primary school students' inferential reasoning skills.
